6A.4 Novel Oxide-Oxide Fiber Reinforced
Hot Gas 
OBJECTIVES
The objective of this program is to fabricate and test oxide fiber reinforced composite hot gas filter elements for advanced power generation systems.
BACKGROUND INFORMATION
Pressurized fluid bed combustion (PFBC) and integrated'gasification combined cycle (IGCC) systems are among the advanced coal-based energy cycles being considered for low cost, clean power generation. Hot gas filters are required to remove particulates fiom the high temperature turbine inlet stream in order to protect turbine components fiom excessive erosive wear and to meet clean air requirements.
The level of mechanical durability exhibited by the currently available filters in field tests indicates that more rugged filters are required to meet the demands of large power generation systems. Furthermore, long term corrosion resistance of currently available filters has yet to be demonstrated in PFBC systems.
'
The essential requirements of a composite material designed to meet the program objective for a toughened hot gas filter include the following: o stable continuous fiber o rigid porous matrix o engineered fiber-matrix interface o cost effectiveness Based on properties, availability, and cost, Mitsui's ALMAX alumina fiber and 3M's NEXTEL 610 alumina fiber were selected as the oxide reinforcement fibers. In order to meet the economic goals of the program it is essential that the cost and amount of continuous fiber be minimized. A four axis filament winder will be used to fabricate filter preforms in a variety of fiber architectures.
Carbon was used as the initial fiber coating because it was known to be resistant to the processing chemicals. The coating was produced by pyrolysis of the resin based sizings on the continuous fibers.
The matrix of the composite filter is comprised of chopped ceramic fiber. S a i l fiber was used for all compositions in this program.
PROJECT DESCRIPTION
The key to achieving the goal of this program is to apply the composite technology developed under the DOE Continuous Fiber Ceramic Composite (CFCC) program to the special requirements of a toughened hot gas filter. Figure 1 illustrates the roles of the various contributors to this program.
Figure 1. Organization of Advanced Hot Gas Filter Program
In addition to the DOEKFCC materials development support, two Babcock & Wilcox operating divisions play key roles in the development and commercialization of an advanced hot gas filter. The B&W ERI division's expertise in filament winding has been utilized in the fabrication of program samples and would also be the ultimate manufacturing facility for commercial filter element production. B&W's Fossil Power Division (FPD) experience in the design of advanced power systems including hot gas filter systems provides valuable guidance to this program. FPD would utilize the composite filter elements produced by B&W ERI in the B&W Advanced Ceramic Tube Filter system.
In Phase I, porous composite fabrication technology developed under the CFCC program was transferred to the B&W ERI facility. A porous oxide-oxide composite system has been selected based on the predicted chemical stability in advanced combustion environments. A modified filament winding process was used to fabricate porous composite preforms containing either Nextel 610 alumina fibers or ALMAX alumina fibers as reinforcements. The compositions given in Table 1 were fabricated in the form of 12 inch tubes and tested. For compositions C1 and C2, the continuous fibers were pyrolyzed at 1600 O F in nitrogen to convert the fiber sizing as supplied by 3M and Mitsui to a carbon coating. Compressive C-ring tests performed at room temperature and 1600 O F were used as a preliminary characterization of the mechanical properties of candidate filter element compositions. Permeability measurements were performed at room temperature. Bond phase microstructure and fiber degradation was evaluated by SEM examination of fracture and polished sections. The results of these tests will be used to guide the fabrication of sub-scale filter elements that will be evaluated in a coal combustion exposure test. In Phase 11, the manufacturing process will be developed to fabricate full scale filter elements for testing in a PFBC environment.
RELATED WORK
In addition to the CFCC program, B&W R&DD funded a preliminary exposure test at the Tidd PFBC and subsequent test specimen characterization. Two separate exposure tests were performed on two sets of developmental composite filter samples. These preliminary samples contained considerably more binder phase than the samples produced under this program. The samples were contained in stainless steel wire mesh pouches and suspended from the horizontal evaporator legs in the freeboard region of the Tidd PFBC. The first exposure began on September 22, 1994 and continued for 690 coal-firing hours. A second set of samples was installed on November 20, 1994 and received an exposure of 1850 coal-firing hours. The effects of the test exposures were determined by comparing the compressive C-ring strength before and after testing. In addition, polished sections will be examined to evaluate the degree of reaction with the constituents of the fluid bed and combustion atmosphere.
In order to guide the filter process development, B&W R&DD in conjunction with B&W-ERI and B&W-FPD performed a preliminary review of the materials and manufacturing costs associated with the filter processes being developed. It is clear from these studies that low cost raw materials and fabrication methods will be required for commercialization. The selection of the continuous fiber is particularly important because it represents a substantial fraction of the total filter cost. elevated temperatures. A new fiber coating method currently under development in the CFCC program will be transitioned into this program for the subscale filter fabrication task.
RESULTS
The lighter weight filament wound composite samples have bulk densities in the range 0.8 to 0.9 g/cc compared to 1.4 to 1.9 g/cc for monolithic filter materials. Because the fabrication process used in this program is not limited to thick wall structures in order to achieve adequate handling strength during processing, very light weight filters are possible. The combined effect of the lower filter density and the thinner tube walls results in significant potential weight savings in the filter system.
A summary of the test results for this program is given in Table 2 . Examples of the room temperature and elevated temperature fracture behavior of compositions C1, C2, and C3 are shown in Figures 2, 3 , and 4, respectively. Figure 2 also includes the room temperature fracture behavior of a monolithic cordierite filter material. The observed brittle fracture is typical of monolithic ceramic materials. In comparison to the monolithic material, composition C1 exhibited relatively nonbrittle stress-strain behavior at room temperature. At 1600 O F however, the fractures tended to be more brittle. The more brittle fracture behavior of composition C3 at room temperature is attributed to the lack of a coating on the continuous fibers. During the bonding operation, the continuous fibers were attacked by the bonding chemicals which degraded the fiber properties. This composition was included in the test matrix because the lack of a coating simplified the processing. It is clear that an improved fiber coating system is needed to protect the continuous fibers at
The permeability results for compositions C1, C2, and C3 are also included in Table 2 . Compositions C1 and C3 are at or very close to the pressure drop goal of 5 inches of water at a face velocity of 10 Wmin. It is expected that composition C2 can be easily modified to meet this goal.
Tidd Exposure Results
The results of compressive C-ring tests on the Tidd PFBC exposure samples are given in Table 3 . At room temperature, these samples exhibited brittle fracture behavior as a result of the high binder phase content. The permeability of these samples was also very low as a result of this level of binder phase. Following the Tidd PFBC exposure, the fractures tended to be more non-brittle. Polished sections and fracture surfaces will be examined to determine the reason for the change in fracture mode.
FUTURE WORK
In the next work phase, 12" long sub-scale filter tubes will be fabricated and tested. The evaluation of these samples will include a static exposure test in a coal combustion environment. The results of pre-test and post-test property measurements will be used to guide the decision to proceed with Phase I1 and the fabrication and testing of full-scale filter elements.
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